Summary: SYNCSA is an R package for the analysis of metacommunities based on functional traits and phylogeny of the community components. It offers tools to calculate several matrix correlations that express trait-convergence assembly patterns, traitdivergence assembly patterns and phylogenetic signal in functional traits at the species pool level and at the metacommunity level. Availability and implementation: SYNCSA is a package for the R environment, under a GPL-2 open-source license and freely available on CRAN official web server for R (http://cran.r-project.org).
INTRODUCTION
Comprehending how biological communities are structured in both time and space is a major challenge for ecologists. It is well known that communities are not random samples from the species pool. Niche theory predicts that in order to persist in a local community, each species has to have a particular set of traits that allow it to overcome environmental filtering and to coexist with other species (Keddy and Weiher, 1999) . Nonetheless, considering species traits in community ecology studies may be complicated as traits are not independent among species (Felsenstein, 1985) . In the last decades, functional traits and phylogeny information have been incorporated in ecological models in order to determine the factors responsible for creating and maintaining community structure (Cavender-Bares et al., 2009; Fine and Kembel, 2011; Kembel and Hubbell, 2006; Webb et al., 2002) . Currently, information about traits and phylogeny are available for several groups of organisms (see APG, 2009; Bininda-Emonds et al., 2007; Jones et al., 2008; Kattge et al., 2011) . Furthermore, recent developments made possible novel perspectives in functional and phylogenetic analyses of ecological data (Pillar and Duarte, 2010; Pillar et al., 2009) .
SYNCSA is an R package (R Development Core Team, http:// www.r-project.org/) released under open-source license, and freely available from CRAN (http://cran.r-project.org), that implements the methods described in Pillar and Duarte (2010) and Pillar et al. (2009) for the comparison of ecological communities based on functional traits and the phylogeny of the community * To whom correspondence should be addressed. components, the detection of phylogenetic signal at the species pool and metacommunity levels and the testing of phylogenetic niche conservatism. SYNCSA allows the identification of optimal trait subsets expressing trait-convergence assembly patterns or traitdivergence assembly patterns in metacommunities. The functions are based on the abovementioned methods and are complementary to other functions available in R for the analysis of communities, which take into account traits and phylogenetic information. SYNCSA for R implements the same methods available in recent versions of SYNCSA application written in C++ (http://ecoqua.ecologia.ufrgs. br/ecoqua/SYNCSA), which was developed by V. Pillar and evolved from methods described in Pillar and Orlóci (1993) .
DESCRIPTION

Data manipulation
SYNCSA uses the same data manipulation as conventionally used in R. Four basic input data matrices (matrix notation follows Pillar and Duarte, 2010 ) may be entered in order to run all SYNCSA analyses, but at least two matrices are necessary: the community matrix and a matrix with either traits or phylogenetic information. Data matrices should be organized as follows: (i) community matrix, arranged with species as columns and sampling units as rows, which may contain either species presences/absences or abundances (matrix W). (ii) Trait matrix, with traits as columns and species as rows, which should contain a set of functional traits describing the species (matrix B). Both binary and/or quantitative traits may be included. (iii) The species phylogenetic pairwise dissimilarities (matrix D F ), such as the ones obtained in the software Mesquite (W.P. Maddison and D.R. Maddison, http://mesquiteproject.org) or the R package Ape (Paradis, 2004) . (iv) The environmental data of interest, which may be one or more community drivers or ecosystem effects (matrix E), with variables in columns and communities in rows. When labels for both row and columns are available for all matrices, the function organize.syncsa will rearrange all matrices to be in the same order.
Fuzzy types, scaling-up and assembly patterns
SYNCSA offers 10 functions that can be used for data manipulation (organization and transformations), scaling-up of trait and phylogenetic data to the metacommunity level and matrix correlation. The scaling-up allows data exploration and hypothesis testing about trait-convergence and trait-divergence assembly patterns, phylogenetic signal and their relations to environmental variation (Pillar and Duarte, 2010; Pillar et al., 2009 ). For revealing trait-convergence assembly patterns, community weighted means of each trait will be computed by matrix multiplication (T = WB). A significant matrix correlation ρ(TE) between community resemblances based on traits (D T ) and on environmental variables (D E ) is evidence of trait-convergence assembly pattern at the metacommunity level. For revealing trait-divergence assembly patterns, an essential step for the scaling-up is the weighting of species presences or abundances by the species trait similarities. Analogously, the same approach is used for the phylogenetic data, in which case the weighting is based on species phylogenetic similarities. Each element in the resulting weighted matrix (X for traits and P for phylogeny) will indicate the probability that a given species will occur in a community based on its trait or phylogenetic similarity to the species that were found in the same community, and thus the matrix will convey to the community level the whole trait or phylogenetic information captured by the species similarity matrix. The matrix correlation ρ(XE) measures the strength of the association between variation in community composition weighted by the species traits and variation in community environmental variables (D E ). The partial matrix correlation ρ(XE.T), which removes the effect of trait-convergence in T, will indicate whether a trait-divergence assembly pattern is related to the environmental variation. Furthermore, matrix correlation ρ(PE) measures the strength of the association between community distances based on their phylogenetic structure (D P ) and environmental distances (D E ). Moreover, matrices X and P may be submitted to ordination techniques, as performed by Duarte (2011) , enhancing our capability to explore patterns and test hypotheses at the metacommunity level.
Phylogenetic signal
SYNCSA allows the detection of phylogenetic signal at two levels: at the species pool and at the metacommunity. A phylogenetic signal at the species pool level is expected when the variation in species traits is strongly correlated with their evolutionary history and it is measured by the matrix correlation ρ(BF) between species resemblances based on their traits (D B ) and on their phylogeny (D F ). Phylogenetic signal at the metacommunity level is expected when communities are more similar to their phylogenetic structure, and also more similar to their average trait values which is measured by the matrix correlation ρ(PT). Phylogenetic niche conservatism can be tested using path analysis as proposed by Pillar and Duarte (2010) .
Searching for optimal traits
SYNCSA offers functions for searching for an optimal trait subset unraveling trait-convergence and trait-divergence assembly patterns related to one or more environmental variables. The function optimal examines all possible combinations of traits in subsets with one to a maximum specified number of traits. The output will indicate which trait subset maximizes the specified matrix correlation.
CONCLUSION
The methods implemented in the SYNCSA package for R enable the analysis of ecological data in a novel metacommunity perspective. In this way, ecologists may assess the linkages between functional and phylogenetic structure of communities, their responses to environmental drivers and their effects on ecosystem processes. Furthermore, functional and phylogenetic mechanisms explaining both β and α niche differentiation may be empirically examined. The metacommunity approach is complementary to the analysis of trait and phylogenetic patterns within communities, widely available in the R package. Moreover, by having in R methods that were originally available only in the SYNCSA application, users will have more flexibility for modifying the methods to suit their own purposes and for developing new ways to analyze ecological data.
